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The Stratipraphy of Iraq.

Iraq, as a whole, has a basin shaped structure, the oldest
rocks outcropping around the border and dipping under successively
younger formations towards the centre of the country. The oldest
known rocks are of Cretaceous age and overlying them are thick
Tertiary formations. The mesozecic and clder Tertiary corp out on
<ach side of the basin of kesopotamia, on the west forming a
gradually rising limestone country and on the east the mountains

of nuraistan and Persia. The following is the sequence of forma-

tions:=-
(Kecent - Alluvium and gravel of the present
‘uaternary -{ drainage cystem.

(Pleistocene~ Gravel and clay.

rliocene - bakntiari Formation - gravel, conglomerate,
silt and clay.

Miocene - Upper Fars Formation -alternations of sand-
stone, silt and clay.

Tertiary
e T

(Lower Fars Formation- gypsum, anhydrite, clay,
( limestone and probably
owar i.iocene -{ salt.
(Euphrates Lime- lnassive porous white
{stone (Asmari) limestone.
Oligocene -~ (present locally) - Limestone.,
(rocene ~ Limestone and locally other rocks.

{Shale series - shale and sandstone and
~e802z0ic.Cretaceous conglomerate locally.
(kountain Limestone - massive limestone.

The water bearines and water yielding properties of the consti-

tuent rocks of these formations will now be considered.

Uretaccous Limestone.

Tiiis wassive limestone of Cretaceous age is conveniently termed

the mountain Limestone. Where it has been examined it is highly

folded and although the porosity of the limestone is generally low,
it is s0 highly fracturcd and jointed that it would certainly hold

anu yield large quantities of water. The abundance of large springs,
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wiich issue where the water-table is exposed, is clear evidence
tnat it way be an important aquifer, and this is true, notwith-
standing the probability that the total volune of fracture space
is lecs than iO%. The eastern parts of the Arbil and Sulaimani

© Liwas are largely formed of this limestone, but it does not appear
to crcp out in the western desert within the frontier of Iraq.

Cretaceous Shale 3eries.

Uverlying the rountain limestone is a thick formation chiefly
composed of dark coloured shales of Upper Cretaceous age; in the
Sulaimani district sandstone and conglomerate appear in the middle
part of the formation. In general it is an impervious formation
and the bulk of the rainfall flows off it. There are no known
aquifers in it, except perhaps in the Sulaimani district. Springs
issue from its contact witu the under and overlying beds. The same
formaticn lLas been seen in Jabal Sinjar and it doubtless underlies
08t of the basin of resopotamia. It has not been seen in the
western desert and it is probable that the shales are replaced by
limestone westward; the sipnificance of this is discussed in
Chiapter 4,
zocene,

In the Sulaimani district the Hocene is represented by a
tuick limestone, highly fossiliferous and with a moderate porosity
in addition to an induced porosity due to fracturing. erthward
the docene is represented by a thinner limestone and shale forma-
tion. West of the Euphrates it forms a wide out crop of white
limestone with many chert bands and some sandy and marly layers.,
cprings are fairly common along its outcrop in Southern Kurdistan.,
it is capable of absorbing water and may be a minor aquifer,

Uligocene,

peds of Oligocene age are poorly and doubtfully representad
st lrag, and in places completely wanting. Only in Garah Chaugh
vaci has it been definitely deteruined. Where present the

vlicocene is a limestone formation and for the purpose of this
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report way be considered with the ovérlying formation,
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Lower piocene - The Euphrates or Asmari Limestone,

Limestone of Lower iiocene age has been given the name
"Asmari"™ in south-western Persia. On account of its wide out-
crop on the Euphrates from kit to the Syrian border, the name

. muphrates limestone has been adopted for western Iraq. Its
outcrop encircles Iraq and it 1s exposed in the core of the Qarah
Chaugh Dagh, Jabal makhul and Jabal hamrin and in several hills
near dvlosul. It is usually of yellowish limestone of low porosity,
though it averages higher in pore space than the older limestones,
but locally it has connecting pores and cavities up to several
inche s across, It has always a certain water yielding quality,
due partly to jointing. That 1t is an important aquifer is
oroved by the large springs which issue from it, notably those of
the zone from nubeisah to Shithathah. It is overlain by the Lower
Fars, whicl. contains many thick beds of gypsum, anhydrite, salt and
clay and thus forwms an inpermeable barrier to upward novement of
water.

Lower rars,

‘he Lower Fars is a wide spread formation composed largely of
pypsum or anhydrite, interstratified with red and green clay, marl,
and limestone, the limestone being more common in the lower part,
calt, though not seen on outcrop, is probably present under cover.
in Jabal hamrin and eastward, the Lower Fars forms prominent hills,
predominantly white in colour because of the dominant gypsum; the
rideges east of wnirkuk, Tauq, and Kifri show its typical mode of
occurrence., It underlies the basin of lesopotamia, attaining its
maximum thickness about 2,000 feet - in the zone from Tal Afar,
Qolyarah, between Jabal Hamrin and Qarah Chaugh Dagh, Kifri and Naft
ehanak. It thins out on each flank and at the same time becomes less
rypscous. sastward the Lower Fars basin of deposition did not ex-

[ i < . . .
tend fpbreedF it Relbdse Y004 1S oI Asuidoieesdorfos20bo0p3id and Sefin
vagh (northeast of Erbil). Wéstwgé% also it probably did not extend
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fr Leyond its present outcrop. The Lower Fars is in general an im-
i Tricabtle formation, although some of the thick limestones are cellular
znd porous and could be good aqifers., Small springs are common along
ite contact with the Upper Fars and in a few places streams of con-
siderable size issue fror caverns in gypsum, as for example on the north-
cost flank of the Laiyarah anticline and in the Wadi Tharthar near
Lutra., Whether this water is rising from the Zuphrates limestone by
teans of fissures, or is indigenous to the lower Fars, 1s an undecided
oint, but the writer inclines to the belief that some, at least,
.riginates in the Euphrates Limestone. The Lower Fars is an important
“ormation because it scals off the water in the lower beds and also

~7 ovenls the downward movement of that in the overlying formation.

_Jper Fars,

The Upper Fars is composed, essentially, of sand and silty
clay, the latter containing o large percentage of carbonate of calcium
€ that they have been called marls by some writers. It is a wide-
s:;read formation, thin in the Eupnrates resion, but thickening to the
- :ft and northeast to a maximum of nearly 4,000 feet, The lowzr part
centains a large proportion of red silty cley, with sandstone as a
ivsser constituent., The upper part contains at least 50% of sandstone.

characteristic is the repular alternation of clay or silt and sand-
vtene and the extraordinary persistence of individual beds over great
<istznces; this is a most important factor in water supply problens.
‘e sandstones are of rather uniform constitution and as they have a
v-ry considerable porosity, they seem to have the properties of good
aguifers, A few small springs occur in this formation and in wany
iGcus water ray be obtained in shallow wells. The Upper Fars must be
censiderad as an important water bearing formation.

Lutiari rormation,

-v=rlying tke Upper Fars, and, in many places, indistinguishable
io. ity dis 2 similar formation, the lower part of which consists of

“7, 811t nnu sandstone and the upper part is characterized by numcrouc
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and thick gravel or conglomerate beds., ‘“estward from the Lountsins
it attains a thickness of more than 10,000 feet and maintains a
great thickness as far as the rirkuk-Tauq-kifri line, wectward of
which it tnins rapidly. It dies out along the line of the Tigris,
and, if ever present over much territory west of this stream, it
surely had no great thickness. In the 1ower part, separated by
clays and silts are uany thick sandstones which would be good
aguifers, The gravels of the upper part are excellent aquifers
and supply considerable quentities of water by means of Karez,
There is some slight elerient of doubt as to the extent to which
the aravels have been cemented into conglomerates, because, if
cemented, the pore space is diminished and they become poor aquifers,
Generally, however, the voids in the gravel are not nearly filled
with cementing substance. It may be confidently anticipated that
where such eravels are covered by an impervious bed, and can be
reached 2t a reasonable depth, they will yield water in larce
quantities. Similar -ravel is known to yield from a hole one fect
in dizmeter more than 1,000 gallons minute.

surmarizing the water bearing properties of the formations,
aguifers may be found:-

vekhtiari Formation -~ Gravel in the Upper part, thick sandstoncs
i the lower part and ucre or less silty
clays throughout.

Upper Fars Formation- The upper part has many thick, silty
sandstones, suitable as aquifers. The
lower part ray also comt sin some good
aquifers,

suphrates Limcstone - known to be a good aquifer, but lies
at great depth in the basins and
cenerally has mineralissd water.

rhe Older limestones- are aquifers to some extent, but do not
enter into practical considerations for
the country cast of the Tigris, because

in the more low lying agricultural portion
they lie at too rreat depths,

CHAPTER 3 ~ GEULOGICAL STRUCTURE.,

“he topography of Irag is controlled very closely by zeolo-

-ic2l formmations and structures. The mountains of Scuth rurdistan
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and of th: Irag-Perzia frontier south of the Diyala River are fo;med

of highly folded limestone of Lower Miocene to uretaceous age,

ward is 4 zone of thick Upper Fars and Bakhtiari with a goneral .
i
dip to the northeast; in this zone are a nurber of faulted struct-

ures irn yhich Lower Fars is brought to the surface, The more regus.

lar hillg of the kousl country, darah Chauzhdazh, Jabal Makhul and

i

Jabal Harrin (northern part) are simple anticlines, in which Lowgr
i

i

2 ]

tar; and jolder rocks in the cores have been exposed alony the ¢

and flirks by crosion. The plain of Mecopotamia ie filled with ;|
recent alluvium, which probably conceals horizontal or zently fo;q-,
¢d Upper ware, and in thc castern portion, Bakhtiari bveds, The n

western desert is formed of north-cast dipping limestones, the

young. st, | the wuphratcs Limestonc, cropping out along the Lupurates
.
fiivir, and the loder succeseively westward, Briefly the guological

il

his

n

tory is as lollows:-

{

il

Marine conditicng of deposition prevailed throushout
early Crotaceous times, giving rise to the formation of 3
great thickncess of limestonc. The Upper Cretaceous period
throughout must of Iraq znd southwest Persia was marked by
a challowing of th- sea,and even by cetuarine and local 1-nd
conditions, causin~ the deopositicn of a great thickncss of
clay, Tho Eocene period was igain, =o far as is known,
marine, and limestone formation predominated, thoush there
may nave been timee of local and temporary emerpgence, The
Oligdc:ne period included an epoch of rcgional carth movement
and grogion, and liwmzstones of this age have heen definitaly
idertified at only one place in Irag, During the early part
of the Miocenc period the sea became more and morc restricted
ae the region slowly rose until only an inland sea wae 1¢ft
Cvir what 1s now Irnq and southwest Persia, At fir.t lime-
stone wae laid down but it was succeeded by gypsum, anhydrit.,
giizl C%iytﬁgdiéégfgtoge, formipgwwhat isrknowp &s the Lower
rars, ! e cropart of the Mioc:ne time the region rosc
abowe i sea level, cither by uplift or by filling of the shallow
Sci with sande and siltg presumidly the former, to judre by
the lack of marinc fossils, The Upper Furs and ﬁukﬁtifri
Suem Lo have biun laid down in vasn compound alluvial fqugs
by ctrvans flowing from thie east, Toward the ond of the Bikhe
tirri puriod great carth movements sot in and the ripid up-
liit 9f the land to the cast caused the streams to Liings down
inereacing amounts of zraval, which was spread over the case
tirn part of Iraq., Much of eastern Irag, however, apresrs
to tavie been subsidinz at chis tine, for the basal Upner rars
hich had been diposited nwar, if not "bove, sca levol saink
to 4 position 10,000 f::t or more b.low sca level, while the
basin thur formed w-s being kept mors than fill-d with silt
sand and gravel, ’

. Th- areat Carth woveoeents which 22ve deformed the formae
tiong pid determin:d the present structure came mainly aftop
the deposition of tiue Bakhtiari grav.le, The thrust cam. from
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thenorites st “nd coused the strata to b folded g;onj nerthe-
Woog-southoast linee, [he rigid limgston§s were highly i
folded =nd elevotod into groat anticlineria (3ssmblopis cf
cchelon.d anticlincs); +he loss rigid overlying beds wers

N 5 ) : : ~T ar g I -
faulted in = ome: piaces, with the rosuit that westword of the
: mountoins is ° zonc of faul tod structurcs,  In the nerthern
rart of Iriq the folding coims to hive boon less int.nsc,
. L= : . ~ -
with th- result that cimple unfaultcd anticlines were {ormed,
' Vestwrd of the hizhly folded or fvul:cd region is 2 r.gion
' r-gions

¢f 2lmost undisturbed Strita,  with @ very gintle
dip to the northetst, « geniril scction teross lriq from
D LOTLICL S0 60 SOULHWe ST Shows 2broad scosynciine, th. castern
k flank of which is nizhly disturbed by folds 2nd fauite,
seutih of the Diyale aiver is a zone of r.lotive uplift in
which are a numb.r of strongly folded and : ulted anticlince,
vApoelng the nsmari lircetone 2nd older buds, wher:as th. rezion
betweoon the viyala  ne the Greiter Zab is one of rclative deproce
cion, |
Fromjth, nydrolozic Stiundpoint the gener. 1 bagin-lik. atruc-
ture of Irng ie a favourable fector and the bosin has loczl deprese
slons, For “xumple, the zone of rolative duepression between the
frestor Zap osnd the Jdiyala Riv.r, closed nerthward by the Fineral

Ties of sryee g ang southward by a zone of rolstive uplift, is on

i L ookiveiples one in which suba-sur face Wiler may be Lxpocted,

CHAPTER 4

o SUBSITUFACT WaTiit CONDITIONS
T IN IRa3,

lfoe term subsurface Witer ig used todesignite all water which

vecurs bolow the surfzce of the ground, in contradistinetion to
surfaee watar, with wiiich tiis report does not deal, except in
TO LT %8 such surfacc witer has dircet bearing on the problum of
ciberfiee lwater, T Witir which percolites through the scil op

- TOCK rnvitfnte g downwzrd to 2 position approachine cquilibrium,
o UPELr Suriice of the wat-pr biing called the "W ter-tiple s, ADCV.L
owiiarelinle mAy b i zon. of more or less complot - ST turation
into which bhe Wat & ie drawn up oy capillarity, T ig possibvlce

o -

VO Ve WO or mord Wb .r-tutles if

o

body of water ie held up
Toc:1ly ty fip rmoan) o teds above the Loveil of the main witor-tabl.

1. WRter-tohl. is not o lovel surface, but cornforre rou-hly with
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it fluctuatos ssa-

oy

th. topogr:phic irrcgulzaritics of the surf -co
sonally a8 the rosult of the withdrawal or zddition of hodies of
wrter, 1nd zlopes in the dirqction of mov.m.nt of the wat.r,

In Chapt.r T it & s b.un snown that 2 pertion of the rainfall
p.rcol *te s through the soil snd bucones the subsurfcoe water, ino
wmount wnlch percoliates dopends on th. nasur. of the rocks which

. li. 2t and nowr the surfac., btut sand, srovel ond fracturod lime-
ston. ro the more importnnt of th. porous rocks, bocruse th.y have
th. larzest conn.cting voids, To providc 2 large subsurfrce ro-
servoir, it is cssential tmet therc be sufficicnt rainfzll and suf-
feiont wris in which porous rocks form the surface - this boing
knoam zas th. "Intake arca't,

Giolomicnl structure is the next considerrtion; structurnl Hasinc
or cynolinis, -nclosed or open, are the most suitable for the 3ccu—j

mulition of woter bacius. it Travitites into them., The aguifer

) ‘ or ~auifury uader idenl conditions rocoive wator in the “intoke
cro2™oin onoclevated rogicn, ond store it in the basin, whother or
a0l L. witer is in continucus slow motion toward - lower asin
or tho rfen,  When the aquifzer is overlain by 2n imp<rvious luy:.r,
Ve water Lo opreventod from upward movemenit nd art.osian conditiung‘
v fulfilled. When = wll in 2an arte sian aroa wntore the aquif.r,
W lor will rise to a heisht above the ground, corr.spording to Jh.
aydrostitic pressurs at thet peint; that is, the presaur. .xcrt d
Py the witer at that point duc to th. w.izht of wat.r at higher
levi.ls in the same watr-table., In som: casis thoe hydrostaotic
vriesure isinot sufficicnt to bring the water cothe lev.l of <he
carfce, ~nd such condition hae bo.n t_roed "sub~artosiantt,

When there is no impervious luyer above Lhe aquifer thie sub-
saritec wat r forms A witer=voble, wnd wells entering it will only
<21l to the hidsht of the wator-table at the point wiher. it ic pom

’ troted,

Jefer . studying the subsurlzec wat.r conditivns in Jdet-il it ig

- coeessary to ostudy the ool conditions in Irag. In Chapter I, tho
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et Irmg thre is o rudnf~11 during th. wintor 2nd spring of 15
tc 20 inchis, or terhbaps, in the mount-ins 25 inches, In Qu.cns-
1ma nd Zouth austrslia srtesian basins ar. fod by 2 rainf21l of
wbout 25 dnciv:s on the mountains of Lo northolst coast, Thhrkfor;,
“lthoush the reinfull of Iraq ie not larg., tnore is s1ill safifi-
ciont in th. north und northeast to hold out pramise of 4 modornte
cubicurfmces supply, if the other essential conditicns arce pro-
st : : B
‘e xin fIntake Aaroa™ lics botweon the Grottir Zab nd the
Jiy il fiver, whers Upror Fars and Rakhtiari formations are cxposcd
ovor oowid  creay and botho contain about 0% of npevvious bude, Tt
Scomeocertain that o consider ble proporitic of th. roinfzll prr-
col-tec throudh tho soil, and is, in 2 sense, sta d in the se fore
iliene, froueh it vy e oin continuous motior toward the rivors
re the

md the ser. sustweird oFf the outcrop of thesc [crmatic

I

6}
0

j )

clder limisionce (Lower Yicucenc to Eoczne) the Sroticecus Shale

siric e nd the Mouatain Limcstone of Crotuaceous 2o, The limee

Qitlus “rL Lo G lurge GXtent pervious owing to frocturing, nd tids
Lorde Loown important addition to the subsurfice wicei. South of

the Liyalw che outcerop of whe Upper Fars and Bakhtiari ie LTIV,
Lo firs snticline:d, in which the older bads arc crposed, rco
cloze to the plain,

i, wostarn dosert is not of importance 2s an intake sroa,
U criuge thé rainfzll is emall wnd the bulk of it runs off th lim;;
one ewrfher, The rogion west of the Tigris and north of Junal
Skl reectivis 2 moderate roinfall and there are considerabl. ar;2:

Livdiaich Upror Fare is cxposcd, It is 1 minor intake ar.e., nd vill

concidercd when that nart is discusscd in detnil,

€3]

Fie

rvetor-lly Irig i = geo-synclin.; th. mnp shows the wncirou-
wrroovterge of the Low r Mioccne limostorn. (Ewphrates or acmari ),
rres widerilice the bosin e gr:at depth wxcunt where it nas bo.n

Pt enr to, or nenully to the surfoco in anticlinces, 1t ic
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cornzidirzd by the writir te o. an impert-nt aquif.r beciuse of it
obvious valds and bocouse iU yiclds Yig springs in many plrees g
in the zon. [rom Kubiisan to baivnithah, Cn the - .st side of uhe
. : prein watdr cnbers it 2t o cloevation of over <,000 foet above
ser lovely eould it bo reachod by the drill in the bisins, it ic¢
certidn tit 1t would yi.ld witer under zartcosian pressure, The
progpuct ai reaching it will be dicscusscd below, Pnfortunitely
it ~ives Hichly minceralizod water in many places znd sul phurous
wit.r in most places, o thet ven if it could be roached it might
Ve nd vailue,
AN dImportant quistion to study is the moviment of subsurlace
wrtor,  Tur surface water all move.s towird the Persian 5ulf, The
*is of the Irng Geo-cyncline plung:s gontly to the goutheast,
tlere forc thurc must be 2 general movement of the subsurfacc wator
in that directicn, Ong of the probleoms for investigation is whe-
Lrr o thoro.oar. basins, which are closed or constricted -t the south-
oboonds I g0, then ther. are prospeets of getiing water [rom 7
Ioounder rt.osian coanditions,
The supfirates Litoooon., and the Zocunc limcstones ar- underl i
shlck depervious shale Scrics, but below the latter is morw
vimoniom:, which 1s an rquifer and rec.ived = large quanticy of
witir in thi mountainz, What happens Lo trhis water? It ig o proe=
“ibility Lhat the shall serics underlics the plain of Iraq out it
‘e not beend obsorved in the westurn district, where it may be repe
conted by ilimeston., In thic casc the watur below it would have
leles to tMu upper formations, It ies a pessibility that the Inrge
inee of the Kubcisah - Shithathah zon: ar. due to be liber=ztion
“iis SXtrh wator, ‘
Ch Low$r Firs, which is a relativeoly, if not a highly imp.r-
L us formation rzaches ite raximum thicknoss in the middle of the
fin “nd bodomes thin on vach side, Alone the line of the garah
2rth (Sulnimnind Liwa) Koi Sanjak, agra and Dohuk it is almost non-
cLetont “nd having only 4 littlo gypsum in it, c¢<n no long.r 4.

crwildercd ad an impirvious formation. It My b: concluded that in
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the oxtreme castorn part of the basgin it 1s nct i IoTLoUS
te the movemont of wator from thoe liwestoncs into +he
nd Bokhtiari,

- e

Anothur protlam, and onc te which no dafinife answer can 30

siven, is tho <ffict of the faults of the Kirkuk, Tnug ~nd Kifri

structur.s on the movem.nt of witer, Thosc frults arc of great

- misnitude ‘in som: plocos, hrinzing various horizone of Uppur Fors
and Bakhtizri into cont.ct with Lower Tirs, Whebhier wator is st lid
of £ on the east sids of those frults, or whether it moved frecly
weross them, is unecrt.dn, If it wer. sonlod of 0 from movoment
bisinwird) larac springs might be oxpected ~long the foults, This
1ges not occur; on the contrary, sc.opig s of oil occur in this
pﬂsition.; The writer is of the opinion that a considerable pro=
portion of water mov.e s from the limcstones into the Uppor fars
-nd bakhtiari, -nd that tihe faults do not prov.nt norm2l mevement
westward to tho duspor prrte of the basin,

I+ hfs been foumd conveniont to divide Ircg into 3 number of

fistricetsiin order Lo consider the subsurfuce wat.r conditions in

i

(1)  The Western Dosert,

"This inecludes the territory west of the Luphratos to thie
Jrontiur with Arabia (Itn Szud). The writer is fmilizr with partes
of this tirritory, but vist stratchos nave not been cxamined, Thoe

immcdiate  vicinity of the Euphratig is wotered by cronale nnd thore

STl N

A is m irré-ulnr frinse of vegetngione Betwenn Ramady nd Ker
iz » beein, in which ar: scveral lakes, of tot:l ~rea of over 600
-simrs miles,  Lake Habbanivah, a% the nerthern ong of this basin,

ie 111:d by Lhe flood witer of the Luphrntoa, but by cveoporation

e edrmewhit siline during the dry seusen.  On the south side

it i3 only separited by a low ridge from Lake Abu Dibs, in which

N

fizly saling woter io loft durding Che sumaer. At its south ond

t

abu Dibs ds eoniwetod by canal witkh the river, nd [leod woturs
. nter it via razazak,  Sir W, Willcockes planncd .o utilizo thas
Y

mein fur:thz storige of {leocd waters, From Kubeoicaoh to Shithathahb
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woozone of “srtesian SFr‘ln a5 l‘:SUlnp‘ ran the ub.p’xl .5 limc-

stone or the overlying Lowr Fars; they are fully describ.a in
Chapter 5, It is wortiny c¢f note that they occupy a poesiticen ap-
proximatcly southwost of the greatest intak. crez, ~nd appenr te
b due to the Torcing out of wait.r under hydrostatic pressure,
Tonerated in the mountainous region of the Arlil and Sulaim~ni
Liwns, Sv4 th of Najar are many amall springs, which yicld nough
for the 1rr101t1un of small areas,
The desert is formed of vcr} gently divring limestenc,
The roeinf2ll is small, but falls heavily for short pericds.  Mest
ol it runs off, causing the wadis to fill rapidly and as quickly
te become dry again, The most import nt wadis are the Hauran,
which <ntors the Zuphrates tetween Hit and Anah, the Ghadaf, Ubcidn
nd Ukhcidher, which entor the salt 1akc b sin of Abu Dibs, Furticr
south arc no important wndis exXcept the Snabicha, 2lthough far to
th. weat ar. mhny which scem to disappear before reaching the Lu-
: pnrates,  The desert offirs prsture to nomadic tribes, durinzy partg
of the year, when they depend on the wator left in the wodi bottans
o or on water holes which during the dry senson become dry .r loul.
(Sce, photogr-ph fo,4),
The old pilgrim road from Najaf to Mccea, aleong which
“re ruins of tho carly Mohammedan period, woe provided with wells
nt 1ntuerls of nbout ten miles, Thise wills are lined with moconry
"t the top, and some of them are tun foct squarce and dug in solid
limestone to dcpths virying from 300 to morc than 500 fect, Mtor
wie found in only onc well, =2t about 500 feoct (Secc Photograph ro,3),
The wator tanle about thirty or forty milcs scuth of Najaf ie n_ar
SeA=1ev.l, ond souttwrrds rises with the rice of the land, st ading
preboly 100 to 200 oot above sen lev.l, In the wadi Sh:bichz, 2t
m ~ltitudec of About 700 feet, arc wells in which witer stande ot
~bout the lovel of the widi bottom. This HAY bo duc to a lecul cope

diticn, as hiere is an outcrop of rod marl hero which may cius. n

(=N
{'J

Supar:t. wWhluer-tablo,

;qrfsting Lo apeculate wﬁ;thur the
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that these ‘wells formerly supplicd the nceds of large caravens,
whercas towsday, with one cxception, they arc dry. It is 2 pessi-

pility that they-havs caved in 2nd that they could be made te yiold

water if clcancd out,

In th: desert it is highly imprebatle that any valuable
wit.r suppiy could be obt2inud, becruse the rinfall is low, ~nd
the wnt;r—ﬁable seims to be, in most placss, at 4 depoth of morc
than 500 fépt below the surfzce, unless th: decp dry wells ars te
be interproted as boing in rock that is wit.r bearing but not Lake
yiclding, The limestone is poorly porous and highly silicified,

«nd would not yield watcr freely.

The tawr of Najaf is very poorly supplied with wat.r; wells
“r. sunk into the¢ Upper Fars on which th. town is built, .and =
gnnll incongtant and prob:bly highly impur. supply is obtained. In‘
the plzin below arc many cprings, which arc pctable nlthough s=id .
tc b sligh#ly salinc during the dry scason. The cuphrates lime-
stonc could be rutched ot a dupth of about 250 feet, It might
be worth while to try onc or two borings, but it is certain that
the water would net risc to or near the surfrce and would have to
be pumped,

It is probable that the Euphrates limestone will yicld
foeertiin quantity of water wherever it de “ntered by a well and
in places o iarge flow mizht be obtaincd, It lics at a depth of
less than SOO fect necar the river from Kerboela southwards 2nd ot
lessar depths away from the river toward the outcrop, Occazicn may

“rise at some time to mike A test in A faveourable spot,

(b) zﬁg_éliuviﬁl Plain of th. Juphrates ~nd Tieris,
The 2lluvinl plnin formed by the ~uphr-tes and f4aris is
“bout one huﬁdrvd mil_.s broad on the 2verage; it e¢xtence from the
Persian Gulf:to th. Diy 1a niver. Northwirds of the dival~ the
2Mluvial dvpoéits Aarc thin and the more solid farmcticns, mostly

Upper Far., Crop out in some plices detwein the two zroit rivers,
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Th. Tigris is 1 brod river 2g f~r as Kut-_.l=-Arara, scuth of which

L7l

it nerrows cnd losce water by distrituterics, The Buphrat.c couth
- R

f tn dirdia 3arrsge hoc many channele and ennals, nd botwoon

insirivan ond Basra forme 2 serios of lakcs, 7t times connccted

1 5 -
fay

“n known celloctively ~r Hemar Lake, Many rivers flow from the
Persion hills into Iraq kotween Merd2li 2nd the Harun River, carry-
in~ 4 1-rm volume of wohtor Jduring the rainy scascn, but hoeoming

trerms, for the mest part, do not

6]

dry durine the summer, Th:isc
_nter the Tizris above the surface, but discharze into marshes,
from which much is lost by cvaporation, but part goes into the sub-
c il ~nd thuz into the Tigris., The fall of the lower part of the
Tirric is v.ry small; 2t 3azadzd it has =n clevation of 120 fo.t,
U Kut=Lleamara 57 feet and ot Amara 28 feet, giving 2 fall of

tout eix inches to the mil., The cdge of the alluvinl plain bet-

woen mend<li ~nd Badra stanlds at about 400 to 500 reet, sloping

towird the southwest, thus the streams have 2 slope of nbeut 20
oot tu the mile before they disappear, The alluvium throughout
the plein is eaturated with wotor, which is movins slowly toward
th. Pireian Gulf, The alluvium consists of clny, silt, e-nd -nd
crov.l, throuth part of which water can move frecly., Water can be
¢btiin.d at shallow depth in any part of the plain, but will not
flow, n¢ it will stand at 2 lev:l largcly depondent on the river
lev.l, ¥From gravel, particularly if underloin and overlain by on
imp_.rvious bed, a good yiwld might be cbtained by pumping, but it
ie impossibl. to detect such places.

Scveral of the streams widich flow from the Percian moun-
tiinsg botween Mendali cnd Badra 2re stron-ly saling, wher. s othore
five good witer, In gcnernl water froem the plain will be of jood
quility, but here ard there s=iline whter mey bo cxpectod,

(c) du*lon between the JL~u~In Frontier of Iragq ond Jobal
Hamrin north of the Diy~la Hiver,

This repion is p.rmancntly scttled only along thoe btnks of
th. Tigris, although formorly there were larze scttloments euch s

¢l parthian city of Hatrn, The disert betwion the Euphrotes and
Approved For Release 2001/11/21 : CIA-RDP80-00926A005200020033-8




Approved For Release 2001/11/21 : CIN=§DP80-00926A005200020033-8
Tizris and wuwzin the Tigris and the Jabl: Hamrin is cccupied by

nomadic tribeév, Between the Luphrates and [igris the land rises

to an altitude of 500 - 600 feet, is remarkably flat and broken
only by the tharthar valley, 2nd the great salt lake depression
into wnich the Tharthar lischarzes. Water holes are plentiful, and
the  Wadi Fnarthar retiins water in deep pools throughout the year,
Springe issue from the Lower Fars in the Wadi Tharthar and at Hatra
but the water is highly mineralized and unplezsant to drink, although
perhops preferable to thewter holes used by the Arabs. The largc
populztion of Hatra must have depended partly on the em-ll springe,
shsillow wells and probably rain water stored in underground reser-
veirs,

Upper Fars crop out between the Tharthar =nd the Tigris,
ond almost horizontal Lower Fars ie found far west of the Tharther,
The district west of the Tharthar is characterized by great depros-
flons, which fill up with watsr after the rzins and during the dry
scrsnn leave widespread but thin deposits of salt, The Thar thar

. dischirges into a groat depression which is about fifteen feet be-
low zea level, Between the Tigris and Jabal Hamrin there are no
¥pesures of formmations,

Subsur face watsr conditions ar . difficult to gauge. Cona.
sidering first the arca west of the Tigris, tha Upper Fars contains

. bzds which might be aquifers, but structural conditions are unfie
vourabl e and the great amount of SOlunlt», scattercd throughout
the formation, would almost cert- inly, m<ke any water it contained
unsatisflactory for drinking, It ic certain tnat the Euphrates
Liriestone could be reachied; for cxampl: at Hatra, it probably lics
‘L 1 dopth of about 1,000 feet and westward at shallower depths,
slthough it is an tquifir it is doubtful if it would yield water
M nressure. in this area, Since there is ne great promise of
Lentiful supplics of good water here, the unpopulated state of the
1strict would make it an unpronising place for a test, althcugh

in other cir cumstine cs te sting would be warr-nted,

The trizngular arca cont
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ground structure ~nd only the dat: cf surroundinz country can be

used., J1b21 Hamrin is Steeply folded on its scuth-west gidz, in

o plhces verticnl and even overturncd; impertont frults aprzar o fow
milis nerth and continue scuth <f the Adh im ftiver, It is prc-
babl . that 2 decp syncline lics close to the southewest sidec and that
westward the strata flatten quickly =nd then rise gradually to the
w.st, Southwest of Jabzl Makhul the Lower ~nd Upper Fars flatten
quickly, Using all available cvidonce it is computed that the
Luplr tee Lincstone will lic at a2 depth of 2bout <,000 - 3,000
feoct below isen level in the vicinity of Samarrah :nd will fall
te 5,000 fict about helf way botweon the Tigris ond the Diyala
south of Jﬁbal Hamrin, It is possiblc that water under consider-
“ble pressurc might be cncountourcd there becruse the Euphrates
Liricstone around Fathah is vXposed 7t clevations of 500 fect or
hizhcr, but the great depth at which it lics makcs txpleration
impracticnble at present, The EBuphrates Limcstone is overlain
by Lower Fars, thickeuing Llstwﬂrd; “nd by Upper Fars; in the
I2tter formtion arc good aquifers and a certiain cmount of watcr
cin be cenfidently expected within the first 500 feet, It must
be ruiemborad that the axis of the syneline plungze eteadily to
the SOUthW:ét, and that tlisre is a constont movenient <f water in
that dircction, The quality of the watcr is prcblemacical; from
the Buphrates Limestonc similar water to that of the springs woest
of the¢ Zuplirates might be expected =nd from Upper Fars it may =1 so
be highly miheralized. Howcvir, it is conceivable that an open
underground channe 1 might be ncountered which might have watcer
flowinz so ffeely that the readily soluble salts mizht be washed
cut. A tect of the Upper Fars down to 1,000 feet is reccpmended
in thisg rogicn,

() B@gionvwvst of the Tigris »nd north of Hatprn,

This rcgion is trented scparat . ly tecause ite ceolozicnl
structur. is different from that of other arces, The characteris-

“ic ferturs of the topozraphy is long hills of northweet southenst
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oriontction scparated by wide vall:ys. The rzinf-11 ie gre-t.r
thin thet of Baghdrd but less than that of Xirkuk, The run-off is
high, =& much of the surface is formed by imperm.-ble Lower Fors,
nd th. wdis becoms torrents Juring the roins, Thar. is some cul-
tiv tion ilong the Nzris and, west of Mosul, some dry firming.

The regicn is occupiec by nomedic tribes, pifticul:rly during thc‘

wint.r :nd spring;, 1z th. whol: cauntry b.comes gr.ss covered,

vhe upper pert of the Wadi Tharthar contiins wot.r in pocls through-

out the yenr nd therc are many water holes, Springs occur in °

fuw places w3 Qriyarah (highly sulphurous) 2nd along the southe

w.st side of Jabal Ibr-haim and its continuation; thesc arc 11l

sulphurcus but arc used on a2 small sc-lc for irrignticn, In 7ince

ral the potable water is obtained from whter holes in Upper Iars

‘nd in the district west of Mousl from wells in th. Low-r Fore,

Th: geologicsl structure ics simple, Lower Fare is

brouchi to the surface in A scries of anticlines, .z, Jabal Fakhul

Jabal Khonughh, @riyarah and Najmah, -nd Jabal Itrohim, nd Uppur

Fors from the intervening synclines, Jdorthworde the renertl risc

of the 1:nd colncidos with the rise of the formaticns, sc thot nerth

¢f the mouth of the Groater Zab only Low.r Fars is cxpes od "nu in
the cares of severnal hills west ond norta-w.sot of meesul, desmori

Lis stons nd older rocks are exposed, The Lewer Fars heg o tiicke

ness i nbodt 1,800 f.t nd the lower part consists larzely of

limestone, {rom which the wells of the villages in the pluain bot-
ween Mesul ond Tal Afor obtsin a sufficiant supply of good water,

The wrtor-toble verics in the plain, some wells finding it near the

surfrcc and others at dupths from 100 to 200 fzet., Jabnl Sinjar,

throush which the W¢stcrp frontier runs, vxpcesce form-ticns down to

ne including: Crethcecus 'nd the main water supply of this district

is frow sprhgzs.

Nownhire in this rogion are therz cleoscd btr.sing, the struc-
tur. e ~11 plgng, to the southuast, thersfor. the s.ncr-l mev.mow
f suteurfacd witer is into the great basin lyins :~st of Jakal

Tmrin,  Small supplics cuuld doubtless, be wbtrined in tho Upp.r
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Fars buds of thesynelines on wach side of Gaiysrah and in the
sycline of Shcrgit At moderate depth, but ne flewing welle con be
expected, The lower part of the Lower Fars yiclds water of mocd
quality, but not under prossure and only sufficient for domestic

supply.

(¢) TQ; rezivn between the Tigris nd the Greater Zab,

This sm2ll trinigular arca requires specinl dtt;ntion;
beerues the part of it south ond southenst of Mosul ie thickly po-
pul~tcd, It is wntored by the two great rivers, the Khazir river
“nd several minor stroeams which usuilly carry water. The country
between the Tigris ond the hills of Mazlub, Bashigah nnd Safr-h,
is mestly under cultivation 2g it has a rich scil; most of the 1lond
is not irrigrted. In many villagss the domestic supply is obtnincg
from ponds ﬁbd shallow welle, which become foul in the dry scagon,
The Lower FKars dips intly to the northeast across the Tieris =nd
Upper Fars appenrs along 2 nerthwest-southeast line from two to four
mil.e .-st of the Tigris, The three prominent hills of Maglub,
-ashigrh ~nd Safroh ~ro Stecp sided domes in which Asmari “nd older
beds rre expused, There is, therefore, 2 synclinc in Upp'r Fars,
the axis of which 1li:s near thch‘hills and plunges to the southenst,

The’largp spring, whicn issucs at Barimah 2t th. nortinwost
<N ol Jabal Boshiqoh shows thot there is water of gocd quzlity in
the fsmari limoestonc. At Mosul this limsstone lice at 2 depth of
~bout 1,000 f@ct; between Mosul snd the threc hills it will be round
2t depthe from 1,000 to 3,000 feet., There is a possipility cr zven
1 probability that the 1ime stonc underlying this district will con-
"in much water as it is fud by the cutercp of the older recks nlon,

the mcunt~in front -nd in view of its import ncc from th. point of
viow of :griculturc, it seems worth whil. to make a tevt, A certoin
Tount of water may be cxpected in the sandst enes of the Uppoer Fare,
‘ut prebably bhly enourh for domestic purposcs, This is cirtninly
worth considering in vicw of the unpleasant supply on which many of
S ovillapes depend,
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(£) The Region between Jabal Homrin :nd the
- Irag-Persi» Frontier,

This region includes two wide pl-ins, thc¢ mountains

of Qarah Chaugh Dagh, the broken country east of Dibegn, Kirkuk,
Tauq 2nd Kifri and the mountancus country >f the Arbil nnd Suleima-
ni Liwas. The Greater nd Lesscr Zab 2nd thc Diyala arce the main
rivers, but therc arc other streams with perennial water such 2s
Toug Chai and Aq Su. Rainfall is zbundant in the mountains, per-
haps 5s much:as 25 inches, moderate - 15 to 20 inches botween the
mougtins anh the Kirkuk-Kifri line 2nd somewhat less between therce
and Jnbal Hahrin. As previously statcd, wide outcrops of sandstonc

and grovel ﬁllow frec percolaticn., In genersl the region is sparsc-

T D T e

1y popu1~teﬁ,'in the mountains are many villagcs with small areas

of cultivatfon - grain, tobacco ~nd vines, At the edpge of the

pl:in are t&wns and villages with irrigatcd ficlds such 25 Kirkuk,
Teauq, KifriJ The plain of Arbil is rother thickly populated, 2s the
soil is feréilc, rainfall sufficient ~nd wrter plentiful, Water

for démustié purposes is obtained from the rivers ond camals,
sprinzes in the mauntains 4nd in somc placcs shaliow wecll s,

‘The geolozical conditions in this regicn have already
been described in Chapter 3. Bricfly, it is an zrez of relative
depression nd forms the eastern flank of the great geo-syncline.,
Section No.1 shows that there are two major basins, the more cast:or-

ly onc is némed herc the "Basin of Arbil" :nd the more westerly onc

thc "Basin éf the Jubur", using the name of the important tribe.
Connccted with the former is the minor "Basin ¢f Dibega™ and with
the latter the "Basin ¢f Kizil Rubat", In vicw of the fact that
the r:infgli is considerable throwughout this rcgion ~nd that the
formaticn within the basin cont -in aquiferm, it may be ccncluded
that valuable subsurface supplics of wiater are cnclossd in them.
The rigion will now be considered in scctions:-

(1) The Basin of the Jubur.

With the ception of the towns at the feot of the hilis

on the cast side of the basin, there is 2 very em~ll population.
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A few villages 2rc found on the czast side of Jabla Hamrin, depend-
inr on the springs, which issue 2t the contact of the Lower 1nd
Uppur Fars, °nd on watcr holes. The middle of the plain is w-ter-
less,

The longer axis of the basin runs northwest-southeast.
Nort hwestwsrd the basin is closed by the graduzl rise ¢f stra tl't
southwestwnrd Adsmiri Limestonc is expesed in the core of Jabal
Homrin n little south of ths Tigris; southcastwsrd it is constricted
by thc Noft Khanah anticline and Jabal Gilabat; northesstward the
southwest flank of Qarah Chaugh Dnagh, the Kirkuk. Taza-Taug ond
Kifri frultced structures form the limit of the busin,

The steep dipping north-cast flank of Jabal Hamrin
flattcns 2t a dist=ance of some threo to four miles from the crast.
The same applies to the sout hewest flink of @Qorsh Chzugh Da~h,
Reéent deprsits conceal the solid fermntions in the basin,  The
tuphratcs or Asmﬁrl Limestone, which in Jabal Hamrin snd warah
Chaugh Dagh is expo sed at altitudes of 500 to 1,000 feet ~bove sca
ievel, sinks rapidly, sc that in the middle of the basin in the
vicinity of the Lesser Zab, it is at a depth of 5,000 to 6,000 fect
bolow sea level, and this depth inercosces scuthenstward, sc that
butween Taug md Jabal Homrin, it lics at a depth of about 3,000
feet, It is evident ,thercfore, thnt it is impracticable to attc&pt
tc reach this formmtion in any part of the basin, where it might

t be expected to yicld watcr. The ncrthwost psrt <f the basin is

: urderlaidn by Upper Fars beds, but south of the Lesscr Zab, the
Jakhticri beds are proserved and the grov:ils probably underlie the
recent depusits some fifteen miles southenst of the rivoer,

A considerable quontity of water enters th: bagin from
the northwest, a cert%in amount f rom Jab2l Hamrin, but the impcrt-
“nt questicn is new much crosses the £oult zone from the grenter ine
tﬁké arca of the cast, The mestf vourable pwrt of the barcin is
south of the Lesser Zab anl particul  rly south of ITzzah, Taug ~ni
Tuz Khurmatu, aquifers may be fcund in the upper part of the Bakhtinri

he stndstonce
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of the lower part. A well carried to a depth of 1,500 feet would

be a satisféctory test, although there is prospect of getting a good
flow‘at much less depth., In the northern part of the basin, per-
haps fiftcen miles on each side of the Lesser Zab there is a thick=
ness of 3,500 to 4,000 feet of Upper Fars or Lower Bakhtiari above
the Lower Fars and in any part of these formations aquifers may be
expected. In thé valley between Jabal Hamrin and Jabal Gilabat ~nd
21s0 botween Jobal 3Jilabat and Kifri the Upper Bakhtiari yield water
from karez showing that the water table is near the surface,

(2) The Basgin of Kizil !tubat.

Between Jabal Hamrin 2nd the hills which run from Naft
Khanah to araghan, Jubban Dagh and Jabal Gilabat is a plain in
which there is much fertile land, Near the Diyala fiver it is
irri-ated, but large areas remote from the river are waterless.
“dubur", and to the southeast there seems to be some closure in
the Bakhtfari beds due to the rapid rising of the axis of the Naft
Khanah 2nticline., In this small basin the Asmari Limestone lies at’
great cepth, but phe gravels of the Bakntiari should yield water frec-
ly. The most favourable part of the basin is on the north side of
the Diyala River and wells drilled to 500 feet should give a grood
supply.

(3) The Basin of arbil,

This large basin extends from the Greater Zab to the Diyala
River, It is broadest ot arbil and becomes narrow at the southeast
L end, The plain around Arbil is relotively thickly populated ~nd
well watered by many streams from the mountains; supplemented by
Karcz and shallow wells, East of the Avinagh Dagh is another plain
vith fertile soil but not well watered, The remsinder of the laind
within thc brein is occupied by rough broken country, formed by thc
vakhtinri gravel and conglomerate, only supporting a small pupulation
in the valleys, The roinfall is considerable allowing dry crops to
b ogrown, At the surface, water is scarce in the gravel country,
but can be found in the valleys in small springs and water holce,
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Springs also occur in the Upper Fars and Bakhtiari on the west

flank of the basin,

The Asmari Limestone crops out at an elevation of 2,500
feet in the mountains 2nd plung:s below the younger formations so
rapidly that at a distance of fivc miles from its outcrop it lies
at a depth of about 10,000 feet, It lies horizontal for many miles
nd thun rises to an clevetion of 1,500 to 2,500 feet below sea
level at some points in the faulted structures of kirkuk and Kani
Qadir. It is evidemt, thercfore, that the Asm ri Limestone where
it might contain watar, lies at depths beyond the range of explo-
retion. It is in the Bakhtiari formation that there is hope of
obtzining subsurface supplies, The water-table in the Arbil plain
is high, as wells or karez obtzin 2 good flow at shal low depth,

It is certain that wells bored at any place in this plain will
yicld a plentiful supply. It is doubtful however, if water is re-
quirced thare or if it could not bo obtained more cheaply by korez,

The' plain cast of the Avanagh Dagh offers cqual possibili-
ties and apparcntly stands in greater need of wat.r, Thcrcfore;
1f a test ie made in this basin, sane place in this plain, pr,fcréb—
ly about four miles east of the Kirkuk-Altun Kupri road should be
chosen,

Throughout this great basin, it seems prob-ble that water
ctn be obtoined at comparatively shallow depths, but the actual
necessity of comercial interest will dictate whether ~nd vhere
wi:11s will be put dowrn,

(4) The Basin of Uibcga.

Betwiken the Qarah Chaugh Dagh and Avanah Dogh is & fertilc

villey, nbout ten miles wide, It is poorly watered "nd the domestic
supply is pwtly obtained from shullow wells, To the northwzst it

is closcd by the rise of the strata; to the southecast the middle of
the basin is occupied by the small, faulted, elongated dome of

Sheikh Ianlii. A certzin amount of watcr will move into it from

the Northwest, and some from the Arbil basin., The middle of the basin
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ing subsurface supplies from séndstone beds and the best place for
a'test would be in the middle of the basin west or southwest of Di-
bega.

(5) The mountainous region of the Arbil & Sulaimani Liwas,

This country has ample rainfall and excellent springs

of good wat?r. " No discussion of subsurface water possibilities is

; necessary,
?; _CHAPTER 5
i SPRINGS
; Subsurface water finds outlet to the surface in two ways natural-
1 ly by spri €, artificially by wells, =~ spring is a place where
% witer flows, without artificial help, from the soil or rock to the
éy surface pf:the land or & body of water, There are two main divi-
sions of spfinvs.— “
(a) ARTL IAN - where the water issues under artesian pressure,
. usually through fissures which connect with an
% _ aquifer,
epe L (b) GRAVITY -  wherc the water issues owing to an outcrop of
] , the water-table, Contact springs, which flow
. from the contact of permeable and impermeable

beds, belong to this class.
Springsiocgur in many parts of Iraq; they vary much in quanti-

ty 2nd quality of water, temperaturc and mode of occurrcnce., They

are here described under.the-same general regional divisions as uséd
in Chapter Ly The major springs or those of special interest are -
described in}detail and the minor ones briefly noted,

(a) MEST OF THZ SUPHRATES.

Along a line which runs approximately northwest - southea st

SRS AR A

are & numbdr of sprin;s'§lightly warmer than the ground temperature

nd rather miFeralized. Although the water is too sulphurous to

te palatablc,!it is uscd by the inhsbitamts and is of great value
for irrigatio? = chicefly date palms, The sprinzs of Kubaisah issuc.
from decp c1rcular basins in the Lupnrates Limestonc. The water

is of a bluc iolour and flows at the rate of about 3,000 allS. a

minute, The group of s prings at Hit flow s a mimute
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1,800 gallons. The Bitumen seepages of Jabhah, Awasil =2nd Abu Jir
arc all associated with springs of sulphurous water; each group has
a flow of about 600 gallons per minute. Another similar spring
occurs at Jemail, but has not boen visited by the writer.

At Rahaliyah, therc arc some ten springs three of which are large,
although not as large as those of Shithathah. The flow of the larg-
est is diffﬁcult to 7puge, even approximately; but is probably not
lcss thaﬁ Q,bOO gallons a minute. The largest group of the whole
district isinround the small town of Shithathah, where there are
threo exccptgonally large and a number of amall, The largest is
in the centr; of the town and is estimated at 25,000 gallons a
minutec. Pro%ably the tcal flow of 211 the springs at Shithathah is
about h0,0ﬁO?gallons, (Sce photograph 1). It is reported that there
is no appreciable differenc: in the flow throughout th. year. &t
both Rahaliygh and Shithathah th. springs arc situatcd within the
outcraop of;L#s,waer Fars, but as it is thin herc and the springs
vents arc db%p, it is beyond doubt that the water finds its way from
the Euplr?tﬁl limestonc to the surface through fissurcs., The springe
of thl: oroup arc considerad to bo truz artesian springs.

Between® ﬁagaf and Tugtaganah are many springs which issuc from‘
tho uuphrhtué Ilm»ston,, sane ars small while others have a flow of
about BQQ.g,llona a minutc and are used to irrigate small arcas of
1ond, Thc,thcr which was tosted by the writer in January, was
found to be 31g§$ant Qoxtink; bcing only very slightly saline and not

Ft is stated’ howevef, that during th. dry season the

sulphurous:

flow dbcrglseﬁ and the water becomcs more salinc.

(b) THy ALLUVIAL PLAIN,

No sprlngs of any importance occur in this region,

(¢) ML RLGION BLTWEEN THi ZUPHRATLS <MD THE TIGHIS.

3 - l . '
Springs issue from the Lower Fars in the Wadi Tharthar, several
On the northeast flunk

¥ Jabal Qaiyarah is one important spring which issucs from a cavern
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On the southeast side of Jabal Ibrahim and its southeactward con-
tinuation arc 2 number of small springs of sulphurous water. Other
small springs cccur in this region but are of no impertance. The
mode of occurrence of such springs is difficult to explain; those
of the Wadi Tharthar may be due to the seeping out of‘wafer from

. limestone at;or near a point where the water table is exposed, The
large spri‘ngiof Qaiyarah may come up from the Buphrates limectone,
but this is ? matter of spasculation,. Those of Jabal Ibrahim are
certainlj co%nected with the sharp folding and perhaps faulting of
the soutq.mst flank of the anticline,

(4) HLGION BETWEEN THE TIGHIS AND THo GREATER ZAB.,

On the right bank of the Tigris 2nd in the river

prings. The former has a temperaturc of 109 degrees

is enclosed in 2 bath housc znd thc lattcr a tcmpera-

.degrees, Both bring up occasional gobs of bitumen.

ated ig the upper 600 feot of the lower Fars and the

‘:Euphrates Limestone is not more thon 1,200 fect, That

iSfcoming up from a de .p seated sourcc through fissurce

: ; conclu31on ¢nd the abnormally high temperature, when
tie nﬂtur=l cFollng is taken 1nto account, suggests a source bulowr‘
thi auphr:tes Ligastone,

There is an important spring at Barimah on the northwest end
of the Jabal gashlqah The water issyes from the Acmari (uupara.tes’)l
Limcstone at Fhf: rate of about 1,500 to 1,800 gallons a minute and 1”

. remarkable fb% ﬁhe sli,ht degree of minerélization. Smaller springé
iscue at scveral places along thc southwest flank of the same hill
~nd-also from Jabals Maglub and Safrah, '

(e) RE

GIN _BETWEEN JADAL HAMABIN AND THE
B '5ﬁgg5;g¥5 RONTIER,

On bqth flanks of Jabél Hamrin there are many small springs,

semz of whlch arc perennial and others only not:d during the summer

’:r’ 1 small patch of vegetat.aon. The water is invariably bitter and

°11§ﬁtly Sulphurous, but is used by the nomads for thair flocks.
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salt; the temporaturs is 74 degrees Fahr. In several places small

but important springs of good water issue from the Upper Fars or
. R ¢ Bakhtiari and, some of them, at least, are duc to = slight irregula-
! rity in dip of the strata, On the southwest side of arah Chaugh
Dagh near Mgkhmur is an important spring which yields about 1,500
gallons a minute of slightly salt and perceptibly warm water,

In Avanavh Dagh and the hills which run from Kifri to Kani

Gadir and chelkh Khalil there are a number of small springs of
potable watgr and in several cases small villages depend on them,
i .

© A typical example is shown in photograph No,2,

-

| .
An important group of spdnzs occurs ncar the police post

at Makatu nokth west of Mendali; the water is of gocd quality and

l N
flows at the rate of about 1,500 to 2,000 zallons a minute. They |

: |
i1seue from Bakhtiari beds and probably are due to the outcropping

of the water?table.

The,mountdnous region of the Arbil and ‘ulaimani Liwas abound
|

in large eprings, the most 1mportant of which issue from the Cruta-

ccous_Limest%np, The water is cryst2l clear znd swect, Examples

b - - :
of such spriﬁcs are those of theDerbend Gorge near Rania ond in thc

valley uomb 4-5 milzs north of the town of Sulcimsini, A [low of

2,000 to 5,000 g;llons a minute is not uncommon,

L CHAPTER 6
} G mﬁlﬂ OF_WATER
Up to the. prusent no andlyses of spring or we

able, On the m

L1 watcer are availe-
.ps “the rg 4rc many notus wihich differentiste good
witer frol baﬁ but

uﬂyy do not indicate the rcason for the b dn@ss.l

It is presumed that in mogt cases "bad water™ rofers to that which

is cither too Fﬁlln» or

uulphurous to be potable, Organically lwpure

“WAter can be rrndercd potlble, but watcr w

Ccentage of mi

hich cont :ins a high per-
nrral salts cannot easily bc made drinkoble,

The water
of the grult r}ver

is good' during floods it is invariably laden

with ma tcr1¢l }n suspen51on, chiefly clay

nd s2nd, but th: solublc .
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statistics are quoted from "The Irrigation of Mescpctamia™ by Sir w,

Willecocks 1917.

Part.s _per 100,000 Euphr-tes Tigris Tigris in Flocd
Total soluble salts L4, 5 33,9 34,5

Chlorides and common
salt ; 6.4 o7 1,8

Thé Aahaim ~fter passing through Jabal Hamrin is too salt

to drink. Sévernl streams which flow from the Persian hills into

Ir“q‘ééfwé'%ﬁﬁcﬁd;ii and Badra have a high percentage of salt

and 9r;updrmk“'blc, On the other hand, all the rivers, with the

exccptLon of the Adhzim, which flow into theTigris north of the

Blyﬁlg.have,sweet water, The writer has had the opportunity of

g gféUbiity of the water from a great many rivers, springs

wat r holés in Iraq 2nd although no anzlyses have been

“*cnﬂrﬂllzatlons arc pessible., The wnter from the
{lmyatone is of uXCGllunt quality, From the Cretaccous
les ther@ Iéiiittlm water but the strcams which run

Od w‘tur. At Babachichek about 30 miles from&

f?ﬁm thu nom"fl Limestone of the Kurdish Mount-in zonej

is usquIy ft} but lirﬂe spri ng of sulphurous watcr 1skuesjl
I

from the outhcaﬁt und Jf aji Dagh, The springs of Qarah Cnaunh‘

Dagh Whlﬁh 1ssue 2t or ncar the contact of Asmari limes and LowCr

Fars arc }llrsil ntlx sulphurous. On the contrary the spring of

Barima@,(northwest vnd qf Jabal Bashigah) is only very faintly sul-

Tt secms qh%c wharc the asmari is in contact with Lowgr

;2 1

i

Fars of;gOFmvl tgpv, chg water is invariably sulphurous to a vary-

ing deggﬁei wherb thc Lcw er baro is absent or thin and without
much ggpéu?, the w“zcr is not appreciably sulphurous. However,‘
it is el r that ther; is a source of sulphur in same formatlon-

older phaniLower Fors,
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al so sulphurous, but near Najaf, where the lower Fars is poorly

represented 2nd non-gypseous, the spring water is not sulphurous,

as might be cxpected 211 water from springs in the Lower Fars
is sulphurdus “nd in some cases highly minernlized e.g. around Ain
Nukhail=h (Jabal Hamrln), where water with megncsian salts is rvport~

ed, in "ddltlun to 2 brine spring. Much of this water is undrlnk-

3ble, but in @pany places it can be used w1thout sericus dlscomfort.
Uppcr ars water is generally better than that from Lower Bars

and the no adlc tribes depend almost cntirely on water holes in th1~

formotion in the districts cach side of the Jabal Hamrin, In th%
buphratcé‘VElley the Upper Fars contcins much selenite ard there;
fore the?water from t.will almost.certainly be bi*ter. Water frum
the B‘khﬁf 1 formation is of good quality, particularly that frqn
the grﬂv,is of the uppar part. It may have a rather high percen—
tage of . cal ium carbonate, but is unlikely to contain more than “
a minute am?unt of sulphatb of calcium,

The subSurfzcu water prospects are limitcd to the Euphrates
Limestone, Upper Farc and Bakhtiari formations, From the first :
it 1s pr;ba?lc that any w%LLr cbtained will be somewhat sulphurous,
but us€rb1; fbr 1rr1g1tlon. From the Upper Paru it is liable to

&

be Very hf:u"c‘1 due to a hizh cont.nt of czlcium fulphate, From the‘
. i

Bakhtiari there is evary reason to anticipate woater of good quwll-

ty, partigularly from t he grgvels of the upper part,

eHAPTE

WEL:LS AND KaREZ. ;

Thefé'isivéfy little information about the wells of Irag.

g

«or thc moétfpait they arc shallow end give only 2 small yicld; tb;ir
witer is llablg to tecoma much contamlnatcd as they arc usually |
51tu1tcd in ?r very close to the villages. The collection of d“ta
concerning the depth of the wells, the water level in them, season- ¢

al fluctu;tlons and quallty and quantity of water has now becn takcﬁ

in hand by th; Mlnlstry of Ccmmunlcat;on" and Works, 3aghdad. The
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cc-ordinatign of thes;'data will be a valuable additiocn to the

zHydrology 0 ir"q.'
" On m 51d pilrrim Road from Najaf to Mecca, there are ancient

v glls at in crv*Ts of'ibout 10 mlles (see phOtOSrlph Nc.3) they

‘héve 21fcadly Boen described in Chapter 4 (a). In the alluviil

piain watcr can be obtiined in lels only a few feet deep in mlny ‘

'place,.; HtIM”thdlYuh south of Bazhdad, therc are a nunber of

t{BO feet deep, some of which give good watcr and others

1ng to the presance cf gypsum in the vicinity. The v11—
e

wells 4
-bitter,
lagcs o
‘water from wcils 1n tﬁp 11mustones of the lower part cf the Lowcr j

he ﬁlaln betweeﬁ dosui and Tal aifar depend largely on

c,l at R*hanlyah on tha northeast side of Jabal Atshan i

Far, Se

s 3 namé'givﬁn Lo a system of water production which

ed 1n Irﬁq, Percla, afghanistan ctec., for many

conncctcd u?de ground by a tunqcl. The wells are usually of smali

dlumﬁtef

”just sufflcient to allow a man to descend and the con-“}

ngcting also Yery small. The men who m2ke the karez h°ve

red

; '; sglll xn dl;ccthg their tunnel undervround and 1n
&xntﬁlnlnb a élope sufficient to brlng th: water to thc surface gt
th% d&Slrud place, Sectlon No,3 shows a good example of 2 karcz
qu Ie bCEQ# on one actually constructvd near Kirkuk. The slope

of the bed Yf the Karuz is 1 in 567 or slightly less than 10 feet

to the mll,. The wells are gp“ced about 100 feet apart,
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In Ir>q there are a number of successful karez which provide

enough water for the irrigation of small choice areas., They can

be seen around Kirkuk, in the plain of irbil, around Kifri and on
¢ the sides of Jabal Gilabat,
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